To evaluate the compressive strength of resin composites cured with a QTH lamp & LED unit at different exposure time. STUDY DESIGN: In Vitro Experimental study METHODOLOGY: Two composite materials were used in this study. Filtek Z250, (3M ESPE Dental products) and Filtek P60 (3M ESPE Dental products). For each composite 114 disc shaped samples were prepared (5mm in diameter and 2mm in thickness) by using stainless steel mold. The mold was packed with the bulk of resin composite by incremental technique. Each sample was cured through the polyester strip with either QTH unit or LED unit depending on samples grouping. Samples were irradiated for 20, 30 and 40 seconds. Nineteen specimens were prepared for each experimental group. Specimens were placed in artificial saliva for 24 hours after curing. Compressive strength was then determined in universal Instron Testing Machine. Data was analyzed by factorial design by Three Way ANOVA and post hoc Tukeys HSD test. Units RESULTS: Halogen light curing unit is more effective then LED unit in terms of compressive strength. 
INTRODUCTION
n important milestone in the history of restorative dentistry is the development of light-cured composite resins. 1 Before the advent of light cure technique, composites were cured by cold curing or chemical curing which were initiated by mixing two pastes. 2 Blue light was first introduced in 1970s to overcome the complications of chemical curing dental composites. 3 Improved physical properties, esthetics and operator's control over the working time are the few advantages of light cured restorative materials as compared to the chemical cured materials. 4 Most commonly used light polymerizable restorative materials are resin modified glass ionomers (RMGIC), compomer and composite resins.
Polymerization sources that have been developed till today are: argon-ion lasers, plasma-arc lamps, light emitting diodes (LED) units and quartz tungsten halogen (QTH) lamps. 5 In daily clinical practice halogen lights and LED units are most frequently used. 5 QTH light curing unit deliver the light with the light intensity of 400-900 mW/cm 2 . 6 Halogen lamps, despite having low cost and have broad emission spectrum which allows almost complete polymerization of resin composite materials. However, they have many disadvantages. They require filters because they have very low capability to convert electronic energy into light and most of the energy is transformed into heat. 7 Because of the halogen bulb proximity and high temperature of light unit filters degrade with the passage of the time. 8 Several studies have pointed out that there is a lack of maintenance of these halogen light which further restrict their use by clinicians. 3 Average lifetime of Conventional halogen lamp is between 30-50 hours. 9 These limitations could negatively affect the long term success of the restoration due to inadequate polymerization of the material. 10 In 2001, to overcome the limitations of the quartz tungsten halogen light, the first LED curing units were introduced. 9 The mechanism involved in the LED units is combination of two different doped semiconductors instead of a hot filament.11 RW Mills proposed that LED devices utilizes, Gallium Nitride blue light which produce narrow spectrum of light (400-500nm). 3 Polymerization of resin monomers is initiated by the Gallium Nitride blue light because of electroluminescence effect that falls closely within absorption range of camphorquinone. 5 They convert most of their electronic energy into light and therefore, to produce blue light they do not require filters. 12 LEDs have constant light output in spectra and power and have the lifetime of thousand of hours. 13 Till now two generations of LEDs have been introduced. There were multiple LEDs in the first generation of LED curing units and had a comparatively low power output. According to author 10 these units have irradiance values similar to those of conventional light sources. Whereas, a second-generation of LCUs has light emitting diodes with high-power. The second generation LEDs offer shorter curing times and perform better working operation as compared to the first generation.
Several studies have investigated the influence of LED light-curing and halogen on properties of light-cured composites. These properties are diametrical tensile strength, 14 and compressive strength. 10 Both of these lights are capable of curing composite resins, however, in the performance of the cured resins some differences have been observed. 9, 17 Moreover, adequate association has been observed between the degree of polymerization and the composite materials and its curing time. 9, 17 Adequate polymerization of resin composites is essential for the ultimate success of the restorations. Polymerization effectiveness determined the materials color change, dimensional stability, mechanical properties, solubility, and biocompatibility. Materials which are generally brittle and weak in tension can best be evaluated by the compressive strength. The aim of the present study is therefore to assess the compressive strength of composite resins cured by different light curing units at different time exposures.
METHODOLOGY
Two resin composites, Filtek Z250, (3M ESPE Dental products) and Filtek P60 (3M ESPE Dental products) of A3 shade were used for this study. Table 1 samples which were disc in shaped were prepared (5mm in diameter and 2mm in thickness) by using stainless steel mould. 22 The mould was packed with the bulk of resin composite by incremental technique. The resin composite was slightly overfilling the mould. After insertion of the last increment, the composite was covered with transparent polyester strip (20mm length and 6mm breadth) and 2.0-mm-thick glass plate was gently pressed to remove the excess material. Each sample was then irradiated through the polyester strip using QTH unit (682 Deepblue Technology Co LTD, 700 mW/cm 2 ) or LED unit (Elipar free light (3M ESPE, 400 mW/cm 2 ) depending on sample group. The curing time used for of each sample was 20, 30 and 40 seconds for both light curing units. After the curing, cellulose strip was removed; specimens were extruded from the mould. The samples were kept in artificial saliva for 48 hours at 37°C.
For each experimental group nineteen specimens were prepared. Digital calipers (Mitutoyo Co.) was used to measure the diameter of the prepared samples. Then evaluation of the specimens for the presence of any defects and air bubbles was carried out. Faulty specimens were excluded from the study. The samples were then randomly divided into three test groups, each group having 19 specimens. 
Preparation of Artificial saliva
The specimens were immersed in 250 ml of artificial saliva solution at 37°C for 24 hours. The artificial saliva solution had an electrolyte composition similar to that of human saliva. It was composed of 4.3 g xylitol, 5 mg calcium chloride, 40 mg potassium phosphate, 1 mg potassium thiocyanate, 1 g sodium carboxymethylcellulose, 0.1 g potassium chloride, and 100 g distilled deionized water. After 24 hours the specimens were removed from the artificial saliva. The surfaces were rinsed with distilled water for 30 seconds and then dry the specimens. 23 
Compressive strength Measurements
After 48 hours of storage compressive strength of specimens were measured. Universal testing machine (Instron universal testing machine model static) at a crosshead speed of 0.5 cm/min and load cell of load cell 5KN was used to measure the compressive strength. (Figure  2 ) Specimens were positioned on base of the testing machine vertically and exposed to compressive load until fracture. The strength was expressed in MPa. Following formula was used to calculate the compressive strength. 2 Factorial design three way analysis of variance (ANOVA) and Tukey's HSD was used for each composite to evaluate the effects of light curing unit and exposure time on compressive strength (α=0.05). Table3 and table 4 showed the mean values and standard deviations for both composites used in this study. The interaction between exposure time and light curing unit for both the composites were statistically significant.(p<0.001) Factorial design three way ANOVA showed that compressive strength was influenced by curing lights (QTH or LED) (p<0.05) by exposure time (20, 30 or 40 s) (p<0.001) and by resin composite (Filtek Z250 or ZP60) (p<0.001).
RESULTS

DISCUSSION
This study evaluated the compressive strength of composite resins at different curing time using led and halogen units. Over the last few years LED polymerization of oral biomaterials has become a field of intensive scientific research and commercial product development. In restorative dentistry after the introduction of LED devices, researchers showed great interest in comparing their capability with halogen lamps. Material's polymerization is greatly influence by the irradiance of curing light. Though, the degree of conversion is greatly depends on the energy dose of the light curing unit. 24 For the successful outcome of the restorative material, it should have the mechanical properties similar to that of tooth structure. Several of the masticatory forces are of compressive nature and therefore compressive strength is considered to play important role in the masticatory process. The compressive strength is calculated by the maximum force applied and the cross-sectional area of test specimens. 25 In the present study Filtek Z250 has higher compressive strength at 40sec when cured with halogen light as compared with the specimens that were cured with led light. Similar results were found in the study conducted by Mousavinasab SM et al in which they demonstrated that the total irradiance of halogen light curing unit is 2.2 times greater than the irradiance of led light curing unit. 26 It is therefore expected that the physical properties of composites cured with LED is inferior then the specimens cured with halogen light. However, this relationship can only be established when curing time and other parameters like spectrum of emitted light, material and tip diameter are kept constant. 21 The present study showed that the compressive strength was increased further when cured at 30 sec and 40 sec with halogen light as compared to 20 sec whereas when the specimens were cured with led light markedly decrease in the compressive strength was observed at 30 and 40 sec for Filtek Z250 specimens. Similar results were obtained in a study conducted by Eduardo Batista Franco et al in which they concluded that better results were obtained with halogen light as compared to led light in term of strength of the material. 24 Similar pattern were followed for the other material used in the study that is Filtek P60. However, when comparing the results of FiltekZ250 and Filtek P60 the compressive strength of P60 at 20 seconds was markedly increased when cured by halogen light. Critical variables for achievement of maximum curing are wavelength, light intensity, polymerization condition and exposure time. All these factors influence the mechanical properties of lightpolymerized dental materials. 27 However, in a study conducted by Kumar CNV et al they found that both halogen light and led light produced similar compressive strength and no statistical difference was found among the two lights. 28 The compressive strength is influenced by the output power density, used, light intensity and time. 9 It was surprising that there were only minor differences in the composite's mechanical performance when polymerized with one or the other LCU although the LED LCU had less than half of the halogen LCUs irradiance. Another study explained one possibility for the efficiency of LED LCU polymerization through the convolution of the absorption spectrum of the camphorquinone photoinitiator present in composites and the emission spectra of the LED LCUs. 14 The same study showed in some cases that there was no statistically significant difference in the flexural strength and moduli of different composites when polymerized with either a commercial halogen LCU with an irradiance of 755 mW cm2 or an LED LCU with an irradiance of 350 mW cm 2 .
13
This study shows that compressive strength of the composites cured with either a halogen lamp or a LED source demonstrated different results. In summary, the impact of the light intensity, output power density of the LCUs, curing time and chemical composition of the materials, should be considered. More research is required to illuminate the mechanical properties of composites cured with LED curing units, to address the factors mentioned above.
CONCLUSION
Under the limitations of this study following conclusions can be drawn:
Filtek Z250 has higher compressive strength at 40sec when cured with halogen light whereas Filtek Z250 has lower compressive strength at 40sec when cured with LED light. At 20 sec Filtek P60 has higher compressive strength when cured with halogen light. Filtek P60 has lower compressive strength at 40sec when cured with LED light. Compressive strength was increased further when cured at 30 sec and 40 sec with halogen light as compared to 20 sec. When the specimens were cured with led light markedly decrease in the compressive strength was observed at 30 and 40 sec for Filtek Z250 specimens. Same sequence was followed for Filtek P60.
